Experimental
The emphasis of the study was on the use of HIRBS to determine the properties of various layered structures of potential interest in semiconductor.
devices. Examples which we studied include a Au/Pd contact stucture for high , ..
-3-purity Ge gamma ray detectors, the formation of Pt and Pd intermetallic compounds when interacted with a GaAs substrate, and mu.lt i 1 aye red contact structures for the use with GaAs devices.
The structures were normally fabricated by vacuum evaporation technique. ·
Interactions between the various constituents were observed following annealing at temperature ranging from 350° to 500°C in N 2 or Ar ambient. In some cases, the samples were analyzed by X-ray diffraction as a verification of the HIRBS measurement. Electrical characterization measurements have also been obtained in some cases but will not be discussed in .the present paper.
Rutherford Backscattering measurements were performed using both the 2 MeV The spectrometers were calibrated for energy and system resolution using alpha particles from a 244 cm, 241 Am source. The observed energy resolution for 16 o at 20 MeV for both detectors was 105 keV.
The incident particle beams were collimated to a 1.5 mm diameter spot size with an angular spread of less than 1°. The scattering angles were 170° for the conventional detector geometry and 176.25° for the annular detector with detection solid angles of 2.7 and 16.45 msr for the two detectors respectively.
For HIRBS, typical beam currents ranged from 30 -100 nA and a total charge between 20 and 50 ~C was normally accumulated. For conventional a-RBS, beam currents were usually below 10nA and the accumulated charge ranged from 2 to 4 ~c. X-ray diffraction measurement on the same annealed Pt/GaAs sample showed that PtGa and PtAs 2 were the only compounds formed.
As a comparison, 1.8 MeV a-RBS was also performed on the 500° C, 60 min.
annealed Pt/GaAs sample and the spectrum is shown in Fig. 3(b) . Note that backscattered signals overlapped because of the limited mass resolution of 4 He particles. Owing to this inherent limitation of a-RBS, no information on the types of compound formed could be deduced from the spectrum.
Pd on GaAs system
Figure 4(a) shows a series of HIRBS spectra of 600 A Pd on GaAs for the following cases: (i) as deposited,.
(ii) 40 min. annealing at 350° C and (iii) 100 min. annealing at 350° C cases. Comparing the spectra of the As deposited and the annealed samples, one can see the out-diffusion of both Ga and As.
The As moved to the surface while Ga moved to the layer below the surface as the samples were heat treated. Energy loss analysis of the spectra showed that the compounds formed between Pd and Ga and those formed between Pd and As did not form distinct layers. The Pd-As compound appeared on the outer layer while the Pd-Ga compound lay right above the GaAs substrate with a mixture of the two kinds of compounds in the middle layer. As the sample was annealed for longer times, the Pd signal decreased in height and broadened in width while the Ga signal increased in height in the spectrum as shown in Fig. 4{a ).
This indicated that the compounds formed between Pd and Ga became more Ga rich.
However, the outer layer was still a compound of Pd and As. This observation was confirmed by X-ray diffraction analysis which showed that in the 350° C 40 min. annealed sample, Pd 2 Ga, PdGa and PdAs 2 were present; while in the 350° C 100 min. annealed samples, the Pd 2 Ga almost disappeared totally and. the amount of PdGa formed increased.
Backscattering with 1.8 MeV 4 He on the 600 A of Pd/GaAs annealed at 350° C for 100 min. shown in Fig. 4(b) was not able to reveal the sequence and composition of the different compounds because of significant signal overlapping between the in-diffused Pd and the out-diffused Ga and As.
Multiple layered structures
Real GaAs devices usually involve contact structures with multiple layers of metal films on GaAs substrates. An example of such a multilayer system is an ohmic contact with layers of Au, Ge, ·Au, Ni-Cr, GaAs on GaAlAs. Figure 5 shows a comparison of 20 MeV 16 o backscattering spectrum with 1.5 MeV 4 He spectrum for this case. The improved detail of the HIRBS spectrum is obvious--all layers were well resolved and the atomic ratio in the Ni-Cr layer can be measured. In the a-RBS spectrum, signal overlapping causes a lot of difficulties in the data analysis. Determination of the layer thickness and Ni-Cr ratio is almost impossible.
Conclusions
We have demonstrated the advantages of using high energy heavy-ions (20 MeV -10-
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